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THE EFFECTS OF PERFORATION LENGTH ON THE BEHAVIOUR OF 
PERFORATED ELEMENTS IN COMPRESSION 
Jim Rhodes! and Martin Macdonald2 
Summary 
The compressional behaviour of stub columns having perforations in the form of slots 
of different length is examined on the basis of testing. Plain channels of a specified 
geometry are considered, and the geometry examined follows that of a test programme 
previously carried out to examine the effects of perforation location on stub column 
strength. Two different perforation layouts, and two material thicknesses are 
considered and systematic variation in the slot length is carried out for each layout and 
thickness. It is found that the stub column compression capacity reduces as the 
perforation length increases. The test results are compared with design code 
predictions and with modified predictions set up to take the perforations, and 
perforation lengths, into account. 
Introduction 
Cold formed steel design codes generally do not consider perforated members, at least 
from any analytical viewpoint, and the strut capacity of perforated members is usually 
assessed on the basis of test. It is, however, desirable that some method of initial 
assessment of the capacity of perforated members is available. There has been a 
substantial number of research projects carried out on the effects of holes in plates and 
thin-walled sections, e.g. (1), (2), (3), although these have in the main concentrated on 
members containing a single hole. Many structural members in widespread use, such as 
storage racking uprights, have a multiplicity of perforations, often in the form of a 
repeating pattern, and the investigation reported here extends an earlier examination 
(4) of the effects of perforation location in multiply perforated members. 
In the previous examination plain channel stub columns of nominal flange widths of 
30mm and nominal web widths of 60mm, of length 180mm and having a variety of 
layouts of circular perforations repeated along their lengths, were tested to failure. The 
test results were compared with proposed design fommlations which took account of 
the number, cross sectional dimensions and locations of the perforations. While these 
design fommlations showed good agreement with the test results, the effects of 
perforation length, or variation in geometry in the axial direction, could not be taken 
into account because all perforations were circular. It is known that in many storage 
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racking uprights individual perforations can extend for a fairly substantial length, and it 
was feh that the effects of perforation length on member capacity should also be 
examined. To this end the present investigation was undertaken. 
Test Programme 
A total of 53 plain channel stub column tests were carried out in this investigation. The 
stub columns were nominally of 60mm web, 30mm flange, 180mm length and of 
thickness O.6mm and 1.2mm. For each thickness all specimens were cut from a single 
sheet of material to ensure uniformity as far as possible. All specimen blanks were cut 
and machined together where possible. The perforations, in the shape of slots, were 
made prior to folding the specimens to channel shape. The cross sectional width of all 
slots was 8Jiml and the slot length varied from 8mm to 36mm. The final average 
dimensions of the specimens, as manufactured, and tlie material yield strengths of both 
material thicknesses, obtained from tensile tests are as fonows:-
Material thickness:- O.6Omm. Yield stress:- 161.8 N/mm? b1=59.40mm. b2=30.70mm 
Material thickness:- 1.24mm. Yield stress:- 254.2 N/mm2• b1=61.76mm. b2=29.l88mm 
For each of the different material thicknesses tests on unperforated specimens were 
carried out, together with tests on specimens having two different cross sectional 
layouts of perforations. Thus three different groups of specimens were considered for 
each thickness, and these are described as fonows:-
Group 1 
This group consists of unperforated members, and comprised three members for the 
O.6mm thick material and two members for the 1.2mm. thick material 
All dimensions in mm 
Figure 1. Group 2 type specimens 
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Group 2 
This group consists of members having three repeated sets of four perforations around 
the cross section as shown in Figure 1. The cross sectional width of each perforation is 
8mm and the perforation length varies from 8mm to 36mm in steps of 4mm as shown. 
Two tests were carried out for each perforation geometry in each material thickness, 
giving a total of24 tests in this group. 
Group 3 
This group comprises members with perforations set at the flange web junctions as 
shown in Figure 2. Here also the width of the perforation (before forming the comers) 
is 8mm and the perforation length varies from 8mm to 36mm in 4mm increments. As 
for Group 2 specimens two tests were carried out for each perforation length in each 
material thickness, giving a total of 24 tests for this group. 
All dimensions in 
3Jlo 
Slot Length 
Figure 2. Group 3 type specimens 
The Tests 
The tests were carried out on a servo-hydraulic testing machine made by Avery-
Denison Limited, Leeds, England (model 7152), a combined tension and compression 
machine with a maximum load capacity of 600kN. 
All tests were carried out at a constant end displacement rate of lmm per minute. The 
specimens we're uniformly compressed between two plain steel plattens. The bottom 
platten was fitted with a spherical bearing which allowed universal adjustment to 
ensure even contact between platten and specimen. 
In each test compression was carried out at the stated constant rate of Imm per minute 
and continued well beyond the stage at which the maximum load was achieved, with 
the test being discontinued only when there had been substantial load shedding and 
significant deformation of the specimen under test. The· end displacement produced to 
cause this was ofthe order of 3mm to 5mm. 
Typical failed specimens of Group 2 and Group 3 types are shown in Figures 3 and 4. 
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Figure 3. Failed specimens of Group 2 Type 
Figure 4. Failed Specimens of Group 3 Type 
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Test Results and Discussion 
The failure loads obtained for all channels tested are summarised in Table 1. From this 
table it can be seen that the member load capacity is not independent on the perforation 
length. Indeed, there is a definite decrease in member axial load capacity as the 
perforation length increases. This is particularly evident in Group 3 type specimens 
where specimens with perforation length of 36mm had capacities of only about half of 
those with 8mm long perforations with the same cross sectional perforation location. 
Therefore a design approach which could have any claims to generality in dealing with 
perforated members would require to be able to take perforation length into account. 
In Ref (4) the effects of cross sectional positioning of perforations was studied, and 
three alternative approaches were examined. It was found that the final approach, 
which considered a continuously varying stress distribution around the section, gave 
probably the best agreement with experiments. However, an effective width approach 
which took consideration of the perforation position relative to the_ effective and 
ineffective regions also gave good results and was easy to visualise and rationalise. 
This approach is also used here, and the net area of the cross section is first obtained 
by considering a non-perforated version of the cross section. The effects of 
perforations are then accounted for by subtracting any. area of perforation which 
occupies an effective region of the cross section as illustrated in Figure 5. Thus for 
perforations in the effective regions, i.e. near supported edges of elements, the effects 
of the perforations are considered to be substantia~ while perforations in ineffective 
regions, e.g. the centre of a wide thin element, do not have significant effects on the 
load capacity. 
Stress distribution over 
effective areas 
Reduction of effective 
areas due to perforations 
Figure 5. Assumed distribution of stresses around perforated member 
Effects of Perforation Length 
This approach takes care of the effects of positioning of the perforations around the 
cross section, but does not take any account of the perforation length. To take 
perforation length into account the potential for some buckling behaviour in the 
material over the length of the perforation requires to be explored. A study of the 
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photographs in Figures 3 and 4 suggests that there is indeed strong evidence that 
buckling over the length of the perforations contributed to failure for the longer 
perforations, particularly for specimens of Group 3 type. In the following study this 
behaviour is examined on the basis of both the British Standard (5) and the new 
El,lfocode (6) for cold formed steel sections. 
It is considered that for group 3 type specimens the flanges and the web should be 
analysed for buckling as columns of effective length equal to the slot length, or 
perforation length. For group 2 type specimens the relevant areas of the cross section 
to be checked for this type of buckling are the width between slots in the web (i.e. 
22mm) and the area of flanges between slot and flange free edge. 
Thus for Group 3 type specimens the analysis proceeds as follows:-
Firstly the effective widths of all elements are evaluated· without considering 
perforations. Then the perforation areas which fall within the effective regions are 
subtracted to give a new net area, applicable to short length perforations. After this 
the parts of elements which can buckle in column fashion are considered as mentioned 
in the previous paragraph. These. are considered as columns with radius of gyration 
t / .JIT. and length equal to the perforation length. The short column squash load is as 
evaluated for that particular region using the effective width approach, so that for short 
length perforations the previously derived results (4) are obtained. As the perforation 
length increases the column strength of the relevant portions decreases. This suggests 
that for Group 3 type specimens long perforations would result in very weak 
specimens, while for Group 2 type specimens long perforations would not have 
anything like the same influence as the regions which are involved in the column 
buckling effect here are relatively ineffective anyway. 
Comparison of Postulated Approach with Experiments 
Figure 6 shows the variation of the load capacity with slot length for Group 2 type 
specimens ofO.6mm thickness. The variations predicted using the postulated approach 
together with the rules of BS 5950:Part 5 and with those of EC3:Part 1.3 are non 
existent, inasmuch as the failure load is considered to be independent of perforation 
length. This arises because for this thickness the areas of plate between perforations in 
the web and between perforation and free edge in the flanges are completely ineffective 
using the code effective width formulations. Therefore at the failure stage no load is 
carried by these areas, even if the perforations are very short, and so increasing the 
perforation length has little effect. While the experimental values do show some length 
dependency, this is not substantial, and is very small for long perforations. The fact 
that the experimental results are consistently greater than the analytical predictions 
suggests that the postulations regarding the behaviour are substantially correct. 
Figure 7 shows the behaviour for Group 2 type specimens of 1.2mm thickness. Here 
there is some degree of length dependence, both analytically and experimentally. BS 
5950:Part 5 shows quite good agree1pent with experiment overall, but is not always 
conservative. EC3:Part 1.3 is more conservative, but less accurate. Overall it would 
appear that the perforation length effects are underestimated by the analysis used 
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Figure 6. Effects of slot length on failure load for group 2 specimens, t=O.6mm 
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Figure 7. Effects of slot length on failure load for group 2 specimens, t=1.2mm 
However, it should be mentioned that in this figure Column curve 'a' of the Eurocode 
is used ( which considers the most perfect column), and the imperfection parameter in 
the BS curve would perhaps be better increased for general use. Figure 8 shows the 
corresponding comparisons using column curve'c' of EC3:Part l.3 and a 
corresponding BS 5950:Part 5 curve with imperfection magnitude doubled. These 
show a slightly greater degree of conservatism, though not a significant improvement. 
The effects of perforation length are much more significant over the range considered 
for Group 3 type specimens. For these specimens the failure loads are plotted against 
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Figure 8. Failure loads as per Figure 7 computed using larger imperfections 
slot length for 0.6mm thickness in Figure 9 and for 1.2mm thickness in Figure 10. The 
experimental results for 0.6mm thick material show a reduction in load capacity of 
more than 50% when the slot length is increased from 8mm to 36mm. The design code 
based predictions, using column curve 'a' in the case ofEurocode 3, give a reasonable 
and conservative evaluation of the load capacity for the 0.6mm specimens. In the case 
of the 1.2mm thick specimens the design code based predictions are perhaps on the 
whole slightly more accurate, but the conservatism d1minishes as the slot length 
increases. This can be overcome, as for group 2 type specimens, by incorporating 
greater imperfections in the column analysis. Figure 11 shows the comparison obtained 
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Figure 9. Effects of slot length on failure load for group 3 specimens, t=O.6mm 
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if curve 'c' ofEurocode 3 is used, or the BS 5950:Part 5 imperfection is doubled. As 
may be seen this results in a consistent conservative prediction of the capacity on the 
basis of both codes. Note that the predictions based on both codes are almost 
indistinguishable from each other in this case. 
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Figure 10. Effects of slot length on failure load for group 3 specimens, t=1.2mm 
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Figure 11. Failure loads as per Figure 10 computed using larger imperfections 
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Conclusions 
The experimental results strongly suggest that the areas of member between long slots 
have the tendency to buckle in column fashion. Examination of this effect suggests that 
this is indeed the case, and that treating these areas as columns of effective length 
equal to the perforation length gives reasonably accurate estimates of the load capacity 
of the perforated member when used in conjunction with the normal effective width 
based approach. 
While it would be expected that testing will always be the main approach to the design 
assessment of perforated members, the evolution of a realistic method of analysis, at 
least for initial estimates or for comparison purposes , is desirable. The approach 
described here goes some way towards this goal, and recognises that the perforation 
geometry along the member must be considered as well as perforation geometry across 
the member. 
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Table 1. Test Failure Loads for Perforated Specimens 
Group Slot length Specimens of 0.6mm Specimens of 1.24mm 
thickness thickness 
mm Test Load Mean(kN) Test Load Mean(kN) 
(kN) (kNl 
1 Unperforated 7.45 7.98 26.0 24.8 
8.35 23.6 
8.15 
2A 8 5.50 5.55 23.2 24.1 
5.60 24.9 
2B 12 5.70 5.65 22.6 23 
5.60 23.4 
2C 18 5.15 5.05 20.8 20.1 
4.95 19.4 
2D 24 4.90 4.80 19.1 18.6 
4.70 18.1 
2E 30 4.73 4.69 18.6 19.6 
4,65 20.6 
2F 36 4.75 4.66 16.6 15.85 
4.55 15.1 
3A 8 5.35 5.30 25.4 26.5 
5.25 27.6 
3B 12 4.90 4.90 25.2 24.3 
4.90 23.4 
3C 18 4.40 4.38 23.2 22.6 
4.35 22.0 
3D 24 3.95 4.08 20.8 21.0 
4.20 21.2 
3E 30 3.55 3.33 18.6 18.1 
3.10 17.6 
3F 36 2.65 2.58 19 15.9 
2.50 12.8 

